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(57) Abstract: A lighting optical device and 
a projection aligner capable of reducing a light 
quantity loss when a mask is illuminated with 
a polarized lighting light. A lighting optical 
system (ILS) for illuminating a reticle (R) with 
a lighting light (IL) and a projection optical 
system (PL) for projecting the pattern image of 
the reticle (R) onto a wafer (W) are provided. 
A lighting light (IL) emitted from an exposure . 
light source (1) in a linearly polarized state in 
the lighting optical system (ILS) passes through 
first and second double-refraction members 
(12, 13) having different advanced-phase-axis 
directions and is converted into a polarized 
state that is substantially linearly polarized in 
a circumferential direction with the optical axis 
as the center in an almost specific annular area, 
and then illuminates the reticle (R) under an 
annular illuminating condition after passing 
through a fly-eye lens (14). 
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WO 2005/041277 



16 



PCT/JP2004/015853 



<D7. 12AimjC-rtlTOV^^5 0 

[0050] ztixv, mio*®-&&fcvbzni<Dm®ft®m2*7k&vM&'r&m, 

±E(l)^33»t5 t t , ^laJ©ffSTlSrl4. 239Mm©Wli^^L, J5i2i5$ 

[0051] AP1=0. 5X (1. 7XX-0. 7 XX 2 ) (2) 

fc*5 % »10«JfflJf«P«'120ff*tW:, *©AI*ffil2atl*ffliBl2bfc©mi!-Ofc 
f?,±iEraM^^5fc*0±E¥$tX^|^©^ei(D|i^^7t*r©-C& 
Htf, AWiBl2a^WSil2btO#^f4^jS^&o'rfc«t>3S:V\ fc«U W 

(b) \z.7F\jm<s m^m\mi2bwmtir^bi>mtx.\\ z.wm&\zxm\& 

TA<om*)k-frz> 0 tout, Altai 2a*¥-mt\scb&\/\ 
[0052] 04 (a) (2) tt$£frzttzmftmtm& a pi (wisflpj^sju mm 

5 e 05OXtt&t5ZttWJ® ( iS(X=O, Z=0)I4, *JB*HB#12©'1''£?fct9!je 
SiVCtitK X#ft&tf Z^faCD^-zW* % X= ± 1, Z= ±l©tf (#fc]g£X 

=o, z=o^^s«iiinfc^fi)^ii5toBi^{^g-r5±5}^^n'cv^ 

o 

[0053] laso^xzm^TfiSfj^tb^ig^^v^^^^^^^fcfSg^^^^^ 

i-o m^m^tiitmm^mmmm^mm^^b-rm^mmb 
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[0054] m4 (A) I^LfciiO, Wa>fex#ftU:± lBMifcM-Ctt, SSi©8JB0r$Mn 
2tt, @f«Bl/2R*«tLT^ffl-t-S 0 HlO*3t3fe«lSr»'t-5flaW3felL 

ft, *©3tft*liif&t«Iftttns!^ AW3t©(ISM3fc«)«3fc*lRlTf*)5X^lR]fc 
*fLT45 0 HHELfcfcOTfcSo ftoT, HSfcwLfciM, *l©*JB*T*Wn2©3 

[0055] 04 (A) it), ^l©M*fWl2<D5t>^^^X^fft]^±0. 6ffi;ft,fc#. 

it, RUm£&ftb?ZUftftmim$&tiZ>ZkfcftZ 0 

(4^vn 0 ffioT, x^(^^ov^ot.^-e^©SrWi2(cAlt-r^mi4, X*Ir1 
OE«|^^ffi^^ti-5^^ofc**«ffl^tol2^Hii-5 0 ^LT 
» ±IEOX=0, ±0. 6, ±i©#<tjia^ottltSHM«**tt,'ttKfc«C'C 

[0056] hik:*5v^ ni<D®mffiMm2zm&tfzmmKj&zxuftfti&<D&%m 

mmut. »2(D«JBiWlWl3|CAJH-5. $&2©«JBW«m3fc«JB0r*m*> 

03(A) W:, ®1^^2(DSJffl^rlaJWl3^K^3fe«lAX2{C^oT+Y^f&]^^ 
fc0-Cfe«9, ±34OJei©*JS*f»«12tS*0, @3(A){^i-ii«9, S&2©«JB$f 
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*t $(E&) tt, ^»^2©SJB^SR«-l3iSE|lSti^fcjl»i:*3»t5fl8M3tlL© 
[0057] »2©aJH5f»*|-13t*Off$W:-#-C»4'S;<, -tOW^tt, 03 (A) *<£X 

zjffi«*©g§*te=x©#iRk fiPt>El3(A)^(DBB'i^(D^|R](^T^ ^tifcrxz^ 

fpjjt^o )©Mto££T3fcfb-r5o 03(B)ri, 03(A)(Z)BB , i^(z:f&ofc^2O 
«JB*f*fP«"i3<oWf®Htffc0. H3(B)l^-t-J:5^, mJB0fWi3fifeW(B 
w«)-e^<*M(B , (DM)-esv^^^-efe§o *2©*fB*r«ttt3© 

[0058] *«7*ttJ|2©*IB*faWl3©fl|[*TBS:, XZ^facP&ttXZUloVvC, &<7)M 

jBrc^fcSii^t^tbrv^s, fc*5, 03(b) K^^j:5K:,xz#iRi<0jJ!O&(xz=o 

TB=T2+ 0 x (2. 5XXZ-1. 5XXZ 3 ) (3) 

2tt, »2©*JS0faWl3<O«*lllttffillAP2«JO. 25(¥<tJ4J»W3fc©«*)i: 
[0059] *JB*f»Wl3|!y3V^, XZ^[R](C+ 1 (SM$)S.^-lfitufc^|l"Ctt 

, fi3trattffiHAP2*s, 75&tf-0. 25i:*5J;5k:K€f 5. -ft 

[0060] AP2=0. 25+0. 5X (2. 5XXZ-1. 5XXZ 3 ) (4) 

^2<Dm®^Wi3jcov>r^±^©M^=m^*f B T^i'5^^« 

, 1»^<BJOff$T2ttl4. 239MmO(8j»[+l/4)fffi:U Jt^«* 3 Sr7. 12m m 
WU2&V\> 04(B) (2, (4)^0{g)tr H m^AP2i:MXZ^M^^-r@ 
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xhz> 0 

[oo6i] Bifcasvvc, mi<ommmum2m^Ltcmm^zxm^m<om^m 
j^^(x=o,z=o)t, mm&rum 3(7) * #e> mr jg&ivcv v&„ 

[0062] ft*5, Hlf^i-aO, #0SJ6fla»-CW\ IBl©«JBiff<flS*tl23tV»20ttjBJT 

wiiijosfi, mwyt¥mLs*<Dmm5<Djzmmm£tix^z> 0 ^<Dtz^. mi 

[0063] &ot, ^l^®M«-12^.t/m2(DS©^fWl3^iiLfcm^^IL«, * 

ap*>, 04(c) *-cm(x=o, z=ocofti) n^^n^sii^^vRici 

[0064] ^(C)&t^5f^LfcftRCl&t/rtRC2te, l^^Rfc^LTflrfe©^ 

flaM*«fiiii-*fc»oj!aw3feo^©*#"T?*)5 0 #rci, c2©¥««u ±k» 

fcS*i£££¥&a/C^RC10¥&£l. 15, f*lRC2tf>4Ml£0. 85irL-CifcS 
o BP*>, *#IRlflO*l*lfc(rtn©i|Mi/^ROi|MS)i:U"rtt, 0. 74fc&j£L"C 
V^o ^tt-jft^^ffl$*L5mWr3/4|IMW(rt^:^^=3:4)jSrai 

[0065] H4(C)J:9We>*>ftii9, »2©ttJBJf«B*n3SrjtfflLfcJ|gM3fett, ^RCl&tf 
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g|4 (C) £tf 05«rlfctiEl-3^ X«fc±ftlfZ<lfc±©JIR W*©«*Rtt»4» 
H-i/4Sft«&^nt^«3/4&S«i:L-C«ltgi-?.ri:{J:ioTv>5o 

[0066] ^*3, m&<Dm%mw?\z, z^mimttmmwtYnciwMuwmz, m 

«36K#^/tSiira^^ 

•fS«t5 > mi ©«JB*f Wi 2&tf &20>«JB$r ttttt 3©ff $»tt«r»tJ6-r«r 

[oo67] ~-c, m<z>&mttmti2RTfm2<o&mmmti3<Dmmft*!ki£tz>ktii 

^mme^mmvxu^^Rim^timmtft.mh^fDA^^mx^ 
^/^m^tim^mm^t.u^^A^m^M^xmm^^osm 
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[0068] fcfc, H6Sr#flBLT, Hl©J!8W5te^ILS^©»l < RU?«2©«JBJf«Wf 12, 
13Wm2^^JlCot^Mi-5 0 

[0069] 06 (A)**, 04(A) lC*j-J&£-£T, i<D^2H^^*3V>r^lO^Jffl*fWl2 
«^f-5«3fc»ffiMAPl©X^|^^tttC^5^tt^1-oig6(A)<D^ 

AP1=0. 265X{1-cos(tc XX 2 )} (5) 

[0070] TA=Tl+y X{l-cosU XX 2 )} (6) 

^•C, y ttJt0J«SrC*>5. mmttt&mic, »l©«JB*H»Wl2«:*ft-C 
&&-rZ®&. f ^©ff$Tlfcl4. 239 M mOMffiFKlMU itfll«Y Sr3. 
77i*mi8a:fei-HhfAv\ 3. 77 M mite, l»*^ffl3felHM!fc4flg«:-£*.3*ft 
tf>/¥$14. 239itmS:,±IE(5)5«:©filjKf&'T?feSO. 265^LfcitT?fc5o 

[0071] E6(B)», *mmnM\z.mzm<D&®ttnm3i>m&tmytmiSLmm 

AP2©XZ#ft0{fcfifc^S«H4&^*-. 06(B)©fii3te|Sj{fcte3SAP2H:, ft 
AP2=0. 25 + 0. 5Xsin(0. 5X 7t XXZ 3 ) (7) 

^OJ:5*«rBm ; llllAP2«, Sfc<^JB#f^l3©JP$TB«r, XZ#frO# 
[0072] TB=T2+ 5 Xsin(0. 5X n XXZ 3 ) (8) 
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^^3fe^^^^^^m^m(C^CT^^lS^2(D^^-^^ 

06(C) l:*tfi*Ml^^Lt, 02O«l8^Wtl3*»e>«W't-5. 
[0073] 06(C)i:H4(C)i:SritttLT^Sii5> *^2Hlfiffi|©J|HD«ffl^ffflJ*fl2A 

[0074] Lj&»U ^l^^J^L7 v cmiom@iffWl2S.rj?^2«®rrWl3^, ffi 

mis %2<D&m$Tfflti2, i3(DMm=>xb$:mmz-z>tMzi$, mtu* 
mi<Dmmft mm 2<Dmmm^>v yvv #/v® cx*r a kov vr ©wasa* 
*5iB) tu %2<Dmmvri®m3<DmmMft$rr-/<-m mmLtz^m) tixt 

[0075] i»i5(c^2<Dii@jrwi3^®^^7 i wN o -®i:-t-^-i«, %2<Dmm 
*H»*ti3*»iiufc3fc*«)ai3te ratetin^ %2<rmm um 3©® i*i©#:g 

tw5X, IEll0^10lija»Ml2 < S.U ? m20MJf|f|5#13(^«^ % ±K© 
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[0076] 00*.tf , %iommftmti2RTf%2<Dmmm&m3<Dj&witt. ±m<omm> 
^u^nxhmmxmt>^n^m^x\tm<.m^(mm\^^xmmm 

mat. ®mh%^}*mwit¥mtmm*m\zttz.x, ^y^y^\cxm^ 

[0077] ft*3 % £<&±5ftMHftfttRSrlS£1-5teHu Sgi»M^Wi2KAt*1-53fc£ 

<DU%w^mtU%^^t^m~(ou%^m^b^mM%xhm^ 
\m. m<Dm®vrmm2te, mm^nAX2^^tLX2^mn^m^ 

[0078] Jg2<Dlg«SlSm3te, ^BJ^3feWAX2^^^LTlHllHlfe^tt^ 

, «»#*B^)#^;^ ^B^^3t*4AX2^TE^1" Z>2*<Dn(D0h<Dl1](Dm 

K^xwmz.ttfoxh>o, m%(Dmz^x\mte&.Mfrxhzz.tzm 0 
^x^mammm^m^MLxmMimm^^m^nEmirmm 

s 0 M*±&<D%mx$n2%Mm\^m^tzM%, xzum^^xo^ytybtt 

[0079] ate, *%mrmizi$^x\x mz. ±&<Dmfem&mmz.tttttmwft*m 
fe<Dm%ftm\mfe-rz>zt&mmxhz><DX\ miommftnm2%.v%2<Dm 
m m mti 3<omm^ ^-ob, ±ib#£ *mm ^ov n-c^ 

^-ob, ±a&©»i* n2mMm^uzt><D\mfe£tiz>t>vxi*t&\ wh. 3& 
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[0080] mm^ mmmm2, i3^<Dttwb±&o&&\mbnzt>ttvtsfc<. m<D 

*a*f*mSrttfflU"Ct>J:<, ^O^tt^a^f (Intrinsic Birefringnce)£f1JfflL-C 

[0081] ±B©£5*1f»J»W-C*>o , r, (t««*rtK:^*f 

07(a) (4, 0io>f-^R±i^^$Hfc|RilB«;««/<^-^PX©-^*^ip 
-To JSIJB'^-fPXW:, BBli:IBI-©xyzftai*lc»lt5X*|ftl!:JBffltt«r*f 5 

/NW±O^-/V{C^tfdfii:L-ri40nm^6o 07(B) fit, & 

74©IMir)«WCJ»WUfc»^te, !7^MII<0Hn#(NA)asO. 90<&ifc*^3R2 
5©*iS26(Hl#)«)rtfc»i**tl«liIilf3fe©^*«:*i-. 
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[0082] 07(C) !*> %<D/<?~>PX&mWtttz1to<DffiftmW<Q&WZ&t>'tm-?k*), 

frbfDmwyttfzo^f-ypxzMWi-Zo m^-yp^b<om7 (b)<z5o& 

[0083] 07(B) ft*lt®26<D&«|fi5(C^rS1-5l^Iel$T7feDlL{i, 0&H]#r3fcDO<D5*> 

mmiLow^ou^mmiLRA^mm^titzmm^h^ 07(b)*-? 

[0084] gp*>, ^Wi5^X*-|p] t^M^fcW^Wi-^^-^PX^K^^^LTfi, J& 
XhZ> 0 

[0085] /^-yPX(7)J;9^X*-f6][^^tt^L, Yjj\p\\Z.%ttfa*%tt 

A. Brunner, et al.: "High NA Lithographic imaging at Brewster's angel", SPIE 
Vol.4691, pp. 1-24(2002)) ^"Cig^ift/O ^ Q 
[0086] ftoT, 07 (C) (D&^mLRRlf&frmmLLftiZfrrtl-mWftZ, Ztl 
^07 (C) *tf>Z#|6] \z¥nftPR%faRVPL%fa (0 1 * <D*y- 1 9£>M £ 
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[0087] mz, v<f-t)W^-vimi (A) <D/<?-ypxkmo° HHtsLfc, Yjjfaimitt 

&y?mi-zffiM'<?-y-?hz>m&w*, 07(b) \z*Ltc®mytMm>9o° 

0 7 (C) l^Lfc$#^ILR&tm#SI^L£90 o EHEUUfc 
m(Wh, 07(C) *<D±M&XfiTW)\Z&m*i. d»o»*U^flS3fe^1IBW:«3t* 

o 

[0088] 08(A) W:, 01W^W)fe^lLS<DliBl5tV'^/VRi:O||#SrtBS^6<)^L 
fciSWH-CfcO, Hlf»©yi^-vyXl6,ay9*>^-WXl8, 20^f3€B&LT 
' W5„ ±3£<7>i§«?, 08(A) ^©<»*ffi«IL0rt{J:^#i-5flBM3feH:,X^ri^»E«»! 
^*-T5/^-^PX(DiiSt^^[p]±0/cfc[C«, *©X#l&©*8ffl$ILL, ILR^ 
*3V nT^Y^Ip] (08 (A) (Ofcft® H*T##|R]) Oitt»«)fct?ai)«iidSa*L< , 

[0089] MK> l^^/HRK, X^lRj&tAr^fR] Wefc<*©<p|W#KQ (45° &tfl35° 

V\, 0*Rff , «BJ5HH«ILU*»e>OX*|Rlfcfiil3fcLfcflSM3ttt, X^lBjK^JHte&W 
L*¥#ft#Y#ftt&5/^- yPX<B»fc»cH:#*L<fcv ^«f§-CfcS 0 tz 

tzu x^\z.Wim^y^mir^^-y<Dwm^^mm^mLtcm7 (c 
) frbm bfrftm<o, m i (o -cttiMwi«iLo©±«i!:« a **»$h*«iluw:, 



WO 2005/041277 



27 



PCT/JP2004/015853 



[0090] ins (a) \z7Fhtzim<, mm^mhS(Dmmi5\^^xm^rmmLo<DF] 

t-m^ttfa <DmfcUK»bt£m^mu*frh(DmwMu.i \* > eis (b) 
u^^;vr{ca^1"5 0 *rc, mm^u^mmiLB^omm^tiLDu^^xh, m 

8 (C) K^L7bi<9, «3fe^fR]EF2^Alt® (08 (G) tf»jiSffi) f^LTSit&Sfilft 
[0091] iWj^ib, ±IEgB#igi|fcILL, ILDiRg0J3t^^^«lAX41lC*fLT^« 

itm^hm^mmiLR, iLufrb<Dmwm>, ^immuR, TLu±x&mwyt 

u%bteoxv?invmz.A&-fz> 0 mftmwv-mwmnbLx \ m^mm^o 

u3-?^RKtti-mm)frtbft8t <*> z^'bb^mi£<Dftmmbt& 0 ^<da& 
&&xvi-?jvR\m%£ti%%m:. ^xrxn.m^mn%\bns 0 z.<Dn& * 
Rvftm&mi*. mwft<Dfc&^u^?/vR±<D&^?^/<?-y<DKy^c 

[0092] b^x\ ±&<Dmu %2<Dmm&r&m2, mt, ^(Dum^m^mm*^ 
*m izwm wrcd rc2) b<Dm<n¥ffenttmm i^nt 

^x\ ±iB©*5fc* mm<Dm^m^y^^R±.om^-'r^^-y<D^y 
^m^m^x^-r^^m^m^m, mi^mu %2com.mmm2, 1 
3b77jT4uyxi4m<D*y : rjiJMy7 L yi'-*-b<Dmz.^ mM^-f^z 
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x x-AS©fc*©R«:/yx.Mi l 42*m, ±B©ws»«f««o2Ni«rRr 
jEW-5it*a*u\ S9K^>r,x~Asoig$c<£nitxyxA^ wm<d 

[0093] Hi, »2©ttJB*f«S«-12, 13&3B6U TOiNfiRI*t»^f 

im*&ftS>o ^<o^%RO\X WR«fc/yXMl, 42WKPSDD€ri£^1-^^i:^ t t 
[0094] rtucio, R8W3fc^oi»iii5tJ:*jv>r % *©Rfl#flfc¥fr*tf*«3toW> 

fc*3* ±EX-AS}R«IXyXi^i, 42<z>ttfc!)fc > X-A3t^R*«fflL-Ct>A 
[0095] #±(0«7lgl»fc*5vvttt, Baioll8W*^*iLS©*iiii5fc»riW- 

§*l5t>«>*ett*V\ BP^»s HlO*JB*f«Wtl2, 13^9<DX-J»§y<7)R$t7°yX 
-Ml, 42IS, J»W*^*©l»iBi5rtol*«1|f««rt»i:^#-J-5fl8W*ofll* 

«ffi«rtOK^*SFS©W^«rt tK5»^^fco-Ct), gp*>0»J;itf 07(C) *o 

[0096] 1^5fe^#^^^^oH{c#^<D^rt(c<D^3ti-5lJitt, 
ft)*, Ml<a1i«Wl2, ®20*ffljT«»tl3±0«rje»fflfi!H«tt'©X» 
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[0098] fc^C* mm%<OV^JVK^(DXm^ g &Bl5±-Ctf)JI§l!ftl;0# 

[0099] &±©0l«^1KK:*3VvCtt\ ^-^^W^r^-^-^tT^^T-r 

uyXi4^m^i-^h(DbLtztK^^^/^y^^-^-tLX^mR^M^ 

<Dkimm\mm^^<Dmmi4x\tt£< y yf-^Rb<D^m^ui-^b\z 
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[oioo] tit, sii.nntmmz&^x^ m^nitLX(D^-^-^tm\t, x%mz 

ifcfcD, 04 (C) &tf06 (C) lC*tfc«5fe«1»tl$l3riPl««:«3ttt«OflaM3t ( 

«R«*«rltWi-5»*K:t>, IBI#K:i/2»*«^l/'4»*tt*«3tlWfP«BW4 
[0102] fcfcU flftfflmtfett, **^l*^JIMt*n5tt*©«*tt«^3fe*«r, 

m&m<w.Mffi%\zmmx^mmm±tt&m*h%o tztcu mm^t<D±w 

^~<Dm^m^<DytM<DBW^^<7)m^mnmut^<DX\ m> 
u^m^^m<D2o%urnmt.x^b,m^ytMi^mM^^%M^ 

[0103] 4*3, ±&<D£mj&m<D&Bmftmm<n&m&m%mi-zt. mwxnwc 

^^^w^m^t^x\t±B^mm^^^^R\-MLxsm%tLXA 

^-y^x^x^mmmmxn^<mnmmmm^t^<Dmm5\z^^x, 
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[0104] ^r-c, io«t5^ffi^ai^*j-j^-r^(c«, mi(Dmytm@mtt4tLx, 
m,m)<DU%t*-j^^M~4b\z&)z<Dft^ 

[0105] EitUt3tJfcIL2te % &<Dm%V-J^7W -4c\Z Afti-rZ-hK ^©tilft^tt 

frb, %<D%mh2\t.m%¥~j*x7w-4cft*%mu %m^4tt^xmo 

4ek<DrmZ%tl?tlDLb1-Z>b.&mLtiffiftmL3, IL4WfflKf2, 2XDL<£> 

%&&mm&£tix\^ 0 ^ut, ^)ts&s^2XDL^^0 / g^w=it-w^h 

mz.Ts?J±m%b1rZ>Z.btfX%Z> 0 
[0106] fc*3, iOJ:5*«3tfM»3fe^**Hlo^W3fc^*ILS* ^tv^ 

©|§I<Bfc.fc?K HIte»g«4aS^SiaLfcfl8M3felLloffl3t^l6S:, ^©^r^**! 



WO 2005/041277 



32 



PCT/JP2004/015853 



-4d, 4e\z&v5Rto&&mz£Zj&5n&<oftm&&&£czzb\mm-^% 
[0107] t^x, z<D£otem%v-j^7W'-zmm&irkh, sxromw^m^ 

&®ttm^m&x&Ri-m&\m,mi*<Dmmmnmzmz\*i/2&% 
mzzkhx^z> 0 tit, mm\zMmmm4zm*-m/m&mx*M)$,u m 

[oio8] ^v^{4, mi*<Dmiom®mnm2Rv%2<Dm®VTmi3z, mmyt^m 
LS(D^xhm^m^tmAX2^'bkLx-mLxmm^mk'r^mm\M, 
mmmmmi2, i3mm^ommm^(D^k(omm, &m$45° mu-tz 
^.ktLxh, T/yj*m^wkmm<D%}%zm^ki>xzz 0 

©J;5^iBJ^Mt5l:[i,0ioii©ilWi2SU ! f2©lffl^ 

m3%f<D&mmm%>m. ^ti^iimnLxmrn^m^^^kLx-^L 

<om&. mwftn&mmmi$mmftLxhmftviM<D£mmz£<%v%z.k 
[0109] 4*5, ffi%<Di%fa^<Dnmm%#iM<DWtfe\mLxn s ^i<Dmmmmi2R 
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